A Study of the Literature on the Interrelations between Subjective Time, Distance and Speed by ONO  AKIO
A Study of the Literature on the
Interrelations between Subjective Time,
Distance and Speed
著者 ONO  AKIO
journal or
publication title
Tohoku psychologica folia
volume 35
page range 1-11
year 1977-03-30
URL http://hdl.handle.net/10097/00064932
A STUDY OF THE LITERATURE ON THE INTERRELA-
TIONS BETWEEN SUBJECTIVE TIME, 
DISTANCE AND SPEED 
By 
AKIO 0 N 0 (/}!f.'1() 
(Osaka University of Education, Osaka) 
In the first part of this study, previous work on the interdependence of apparent 
time and space was discussed in the light of experimental conditions shared by several 
investigators in studying the tau effect, on the one hand, and the kappa effect, on 
the other. Thus it was suggested that a proposal to account for the kappa effect in 
terms of the impression of movement between successive stimuli (Cohen et al., 1953,1955) 
may be applicable to both effects as a way of explanation. 
In the second part, the experiments in which actual movement was brought into 
space·time relations were described, and the generality was claimed for the three 
effects which manifested the interdependence of subjective time, space and speed: 
the kappa-movement effect, the tau-movement effect and the kappa. tau effect. 
I. THE KAPPA EFFECT AND THE TAU EFFECT 
The study of the dependence of apparent distance on time owes a great deal to the 
publication of papers by Helson (1930) and Helson and King (1931). Their conclusions 
may be summarized thus: if three points on the skin are successively stimulated in such 
a way that the temporal interval between the second and third points is greater (or 
less) than that between the first and second, the distance between the second and third 
points will seem to the subject greater (or less) than that between the first and second, 
though in fact it may be the same. Helson (1930) called this phenomenon the tau effect, 
and regarded it as "an example of psychological relativity; a bona fide example of the 
interdependence of time and space." 
However, Helson and King were not the first to report this kind of effect. For 
example, Benussi (1913, cited by Helson, 1925; Helson and King, 1931) reported that 
two spatial intervals delimited by three successive flashes of light may be made to 
appear longer or shorter by varying the time interval between the flashes; and Gelb 
(1914, cited by Helson, 1925; Helson and King, 1931) reported an analogous phenome-
non in the sphere of tactile perception. However, according to Helson and King (1931) 
Gelb gave no quantitative evidence in support of his claim. In experiments on visual, 
auditory and tactile perception, Scholz (1924, cited by Helson, 1925) showed that the 
phenomenal magnitude of a spatial interval depends on the temporal interval between 
the successive stimuli. 
The converse of the tau effect, the dependence of apparent duration on distance, 
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was first established quantitatively by Cohen, Hansel and Sylvester (1953; 1955), and 
was called the kappa effect to distinguish it from the tau effect. Cohen et al. showed 
that if two temporal intervals are delimited by three flashes of light and the distance 
between the second and third flashes is greater than that between the first and the 
second, then the apparent interval of time between the second and third flashes seems 
to the subject greater than that between the first and second, though in fact it may be 
the same; and conversely, if the distance between the second and third flashes is less 
than that between the first and second, then the apparent interval of time between the 
second and third flashes seems to the subject less than that between the first and second, 
though in fact it may be the same. 
Price-Williams (1954) confirmed the visual kappa effect using his own experimental 
procedures and conditions. An early study of the kappa effect was reported by Abe 
(1935) and Abbe (1936). 
Cohen, Hansel and Sylvester (1954) also studied the interdependence of temporal 
and auditory jUdgements (auditory "tau" effect). If a subject adjusts a tone so that 
it appears to him intermediate in pitch between two other tones, he makes the tones 
which are presented closer together in time further apart in frequency. A related 
effect (auditory "kappa" effect) was also examined when the subject is required to 
adjust the timing of the middle tone so that the time interval between the first 
and second tones seems to him to be equal to that between the second and third tones; 
as well as when the subject is asked to make an adjustment so that two temporal 
intervals indicated by continuous tones seem to him to be of equal duration (Cohen et 
at., 1954). 
The tau effect and the kappa effect have been shown to take place in different sense 
modalities including vision, hearing and touch. Thus it appears that some investigators 
of the interdependence of time and space have shared a certain perspective in operating 
experimental conditions for the tau effect, on the one hand, and the kappa effect, on 
the other. 
(1) Apparent elements as independent variables 
Firstly there are several researches in which apparent elements rather than physical 
elements are dealt with as the variables affecting judgements of duration and distance. 
For example, Suto (1941) demonstrated that the judgement of duration is influenced by 
apparent distance, in a study using three successive light stimuli at the two apices of 
the Muller-Lyer figure. More recently, Newman and Lee (1972) showed that when 
physical distance is held constant, apparent distance influences the occurrence of the 
visual kappa effect. Lebensfelt and Wapner (1968) reported that a given linear 
interval, demarcated by "inward angles" of the Muller-Lyer figure, is perceived as 
equal to a linear interval demarcated by "outward angles", when the temporal 
interval between the lights denoting the former is longer than that of the latter (the 
tau effect). 
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(2) Direction of presentation 
Secondly, direction of stimulus presentation seems to have been a common concern 
to several investigators of the interdependence of time and space. In the study of the 
kappa effect, Cohen et al. (1955) found that the magnitude of the visual kappa effect 
varied with the direction of the visual display. The magnitude of the effect was 
greater in the downward direction than in the upward direction. However, Newman 
and Lee (1972) found that horizontal or vertical presentation of successive lights 
produced no differnce in the occurrence of the visual kappa effect. In the case of the 
visual tau effect, Bill and Teft (1969) investigated the magnitude of the effect according 
to the direction of presentation of three independent lights; left to right presentation 
and right to left presentation. In their experiment, the centre light was fixed, and 
the left and right lights were lit so as to sweep towards or away from the centre light. 
The subject adjusted one interval so as to make it seem equal to the other interval. 
However, the direction of presentation did not produce unambiguous results. 
(3) Simultaneous presentation 
Thirdly, two distances or two intervals of time to be compared by the subject were 
introduced "simultaneously" in some of the experiments. In the experiment by Parks 
(1968) on the visual kappa effect, following the presentation of a first light, two other 
lights were simultaneously presented over different distances at different angular 
directions. The results showed, contrary to the experimenter's expectation, 
simultaneous presentation did not generate a kappa effect, while successive presentation 
of stimuli produced a marked effect. 
On the other hand, in experiments on the visual tau effect (Ono, 1960) two flashes 
of light were successively presented above two other lights which were continuously 
presented. The subject thus "simultaneously" compared the distance between the 
successive stimuli with that between the continuously presented stimuli, so as to match 
the two distances. The results showed that when the physical distances were 
comparatively long (more than 3 cm), there was an apparent contraction of the 
distance associated with successive signals by comparison with the other distance, 
even though the two distances were the same. When the physical distances were com-
paratively short (less than 3 cm), there was an apparent expansion of the distance 
associated with successive signals by comparison with the other distance, even though 
the two distances were the same. Both in the case of apparent contraction and in the 
case of apparent expansion, the actual exposure time of the successive stimuli, and 
the intervals between successive cycles, were kept constant. 
(4) Blind subjects 
Fourthly, blind subjects were compared with the sighted in Suto's experiment on 
the kappa effect in touch (1955). The kappa effect was marked in sighted subjects, 
but absent in blind subjects. However, in the experiment on the tau effect in touch by 
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Helson and King (1931), a blind subject who lost his sight in early childhood showed 
results which were not significantly different from the sighted. In experiments both 
on the kappa effect and on the tau effect, sighted subjects reported visual imagery when 
they compared either temporal intervals or spatial intervals delimited by three signals. 
(5) Subjects' "set" 
Fifthly, subjects' set towards experimental sequences has been suggested as 
possibly in part responsible for the occurrence of both the kappa effect and the tau 
effect. For example, Newman and Lee (1972) claim that a significant kappa effect was 
found when the subject could anticipate experimental sequences in which successive 
stimuli were present. In fact, Helson and King (1931) had already indicated that the 
"care" or "attitude" of the subject could influence the appearance of the tau effect. 
They supposed that the effect was more likely to occur if the subject concentrated on 
the point of stimulation of the skin. If the subject was distracted, the effect was, they 
thought, less likely to occur. 
(6) Laterality and handedness 
The auditory "tau" effect was studied to discover whether the effect occurs mon-
aurally; whether there is any difference between the right and left ears in the 
magnitude of the effect; and whether a difference appears between self-designated right-
handed persons and self-designated left-handed (Cohen, Christensen and Ono, 1974). 
It was confirmed that the effect occurs monaurally as well as binaurally. In one 
experimental condition (ascending order), the effect is rather more marked in the 
right ear in right-handed subjects, and it is more marked in the left ear in left-handed 
subjects. However, the relationship between ear, handedness and the magnitude of the 
effect was ambiguous in the other condition (descending order). There appears to be 
no overall ear effect if handedness is disregarded. 
(7) Theoretical consideration 
Both the kappa effect and the tau effect manifest themselves not only under 
brief intervals of time and space where some sort of physiological "interference" may 
take place, but also in a variety of other experimental situations. Furthermore, the 
general similarity of the experimental conditions for the occurrence of both effects 
would suggest that any explanation should, in principle, be equally applicable to 
either phenomenon. 
Helson and King (1931), attributing their results primarily to the temporal factor, 
claimed that "just as an enclosed space in the Miiller-Lyer figure and its many variants 
appear smaller than an open interval, so a space defined by a short interval of time 
appears smaller than one defined by a long interva1." However, it is difficult to see 
the point of this analogy. They emphasized the physiological processes aroused by 
successive stimuli during a brief interval: "The time of arrival of the waves of 
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excitation from each stimulated spot at or through some common region in the brain" 
was conceived to be responsible for the occurrence of the tau effect. This theory would 
not, of course, be able to explain the emergence of the tau and kappa effects in 
prolonged intervals of time and distance. 
However, recently Helson (in Helson and Bevan, 1967) emphasizes a "pooling 
mechanism" in general perceptual phenomena. "The organization, patterning and 
complexity so characteristic of perceptual processes arise from interactions of the 
simplest, basic dimensions and extend to the most complex formations. The dependence 
of absolute and differential thresholds on interaction of space, time and intensity of 
stimulation has long been formalized in such laws as the law of photographic reciprocity 
(I t=K, where the symbols stand respectively for intensity, time and a constant) and 
Ricoo's law (A I=k, where A stands for area and the other symbols have the same 
meaning as before). That these laws depend upon pooling processes is almost self-
evident, for they express the fact that intensity or area may function for time or vice 
versa,." Thus referring to the tau effect (Helson and King, 1931) and the kappa effect 
(Cohen et al., 1953), Helson insists that "in all these cases pooling occurs among basic 
dimensions of perception." Wieland (1960), confirming the tau effect in touch, 
reported that the absolute threshold for cutaneous stimuli varies with changes in the 
temporal intervals separating successive stimuli. 
The role of visual imagery in supporting the tactile kappa effect was emphasized by 
Suto (1955), but this interpretation can not account for the fact that a blind subject 
reported the tau effect (Helson and King, 1931). Bill and Teft (1969) suggested that 
the visual tau effect may be attributable to the phenomenon of the negative time 
error, but this is in conflict with the data reported by Cohen et al. (1953) which showed 
that the visual kappa effect is uninfluenced by the order in which the distances are 
presented. It is suggested by Parks (1968) that the visual kappa effect may reflect "a 
disturbance of the memory-trace of the temporal extent of the test interval or of its in-
terpretation (e.g. a proposal of Cohen et al.)." 
Cohen et al. (1955) emphasized "the primacy of discrimination of movement over 
separate spatial or temporal discrimination", in discussing the background to the 
kappa effect. Our expectation of apparent acceleration downwards and deceleration 
upwards was considered to be responsible for differences in the magnitude of the kappa 
effect in accordance with the direction of visual display. Indeed, this would seem to 
explain other psychological phenomena which are connected with temporal and 
spatial judgements, for example, the perception of causality in the experiments of 
Michotte (1963). In the study of the perception of causality of two successive events 
(Ono, 1963), it was possible for a lever resting on a support to fall or to rise when the 
support was moved. Causal responses were reported both when the lever fell and 
when it rose. The temporal threshold for the occurrence of the causal impression was 
however larger when the lever fell than when it rose. 
The theoretical proposal by Cohen et al. was borne out in work by Newman and 
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I~ee (1972), who compared the appearance of the visual kappa effect under conditions 
of actual but partial velocity cues with conditions in which static successive stimuli were 
presented. The kappa effect was marked only when actual velocity cues were absent, 
and therefore the experimenters concluded that the effect is due to "imputed 
movement" between successive stimuli. 
On the other hand, Geldreich (1934) devised an apparatus to demonstrate the visual 
tau effect, and already suggested that the same apparatus might also be used to 
demonstrate the phi-phenomenon. In an experiment on the tau effect (Ono, 1960), 
which again used static stimuli sccessively presented, almost all of the subjects who 
showed a positive tau effect reported experiencing a phi-phenomenon when viewing the 
stimuli. The experiment was not specifically designed to examine this issue, and 
further experimentation would be necessary to identify a clear relation between the 
occurrence of the tau effect and frequency of reports of apparent movement. However, 
there are indications that the impression of movement is associated with the emergence 
of the tau effect even when no actual movement is involved. In fact, in daily life 
movement is experienced not only through vision but also through other modalities 
such as the tactile and the kinaesthetic. Our inferences from such accumulated 
experiences of movement may give rise to an impression of movement under certain 
external conditions. Hansel (1953) summarises the general position in stating that 
"in life, experience tends to be in terms of objects which move from one position to 
another rather than of objects which vanish and reappear at a different position." 
II. THE KAPPA-MOVEMENT EFFECT, THE TAU-MoVEMENT 
EFFECT AND THE KAPPA-TAU EFFECT 
The work of Cohen and Cooper (1962, 1963) introduced a new feature into the 
study of psychological relativity, viz. the movement of the observer was brought into 
experimental situations analogous to those used in laboratory demonstrations of the 
visual kappa effect (Cohen et al., 1953, 1955). Blindfold passengers were driven in a 
vehicle on the road. A bell rang at the temporal mid-point of the journey, so that tI , 
the duration of the first part of the journey, was the same as t2 , the duration of the 
second part. However, the distances dl and d2, and the speeds, SI and S2' corresponding 
to these two durations, were varied, so that dl =d2 or dl *d 2, SI =S2 or SI * S2' Three 
effects appeared which manifested a subjective interdependence of time, distance and 
speed in the experience of passive movement. 
First, if two parts of a journey take the same clock time, that part will seem to the 
subject to last longer which is associated with longer distance and faster speed, and 
vice versa; this was designated the kappa-movement effect. Secondly, if two parts of a 
journey are of equal distance, that part will seem greater which is associated with 
longer time and slower speed, and vice versa; This was designated the tau-movement 
effect. Thirdly, if two parts of a journey are travelled at the same speed, that part 
will seem faster which is associated with shorter time and shorter distance, and vice 
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ver8a; this was designated the kappa-tau effect. 
These effects have been investigated in various experimental situations. Estimates 
by drivers of the duration, distance and speed of their journeys (Cohen, Ono and Skelly, 
1966), were consistent with the kappa-movement effect and the tau-movement effect. In 
the kappa-movement condition, a bell rang at the temporal mid-point of the journey, 
where t1 and t2, the two semi-durations, were equal, but the distances (d1 and d2) and the 
speeds (81 and 8 2) corresponding to the two durations, were unequal. In the tau-
movement condition, d1=d2, but t1=l=t2 and 81 =l=82. A kappa-tau, in which 81=82, but 
d1=l=d2 and t1=l=t2 , was inferred from the other two effects. The tau-movement effect was 
also confirmed under walking and running conditions (Cohen, Cooper and Ono, 1963). 
The subject walked during one half of a journey, and ran during the other half. On the 
whole, the distance seemed to the subject greater when walking than when running. 
In all these situations, relatively large intervals of time and distance were judged 
by the subject. However, similar effects were observed using much smaller durations 
and distances, when the task was to draw a line (Ono, 1969). The subject was first 
instructed to draw a straight line from left to right at either a fast or a slow speed. He 
was then instructed to draw a second line, the speed of which varied with the condi-
tions. In the kappa-movement experiment, the task of the subject was to draw the 
second line for a duration which seemed to him to be the same as that spent on drawing 
the first line. In the tau-movement experiment, the subject drew the second line for a 
distance which seemed to him to be the same as the length of the first line. It appears 
that if the durations for drawing two lines respectively are, in fact, equal, that duration 
will seem greater which is associated with a longer line drawn at a faster speed (kappa-
movement effect). Secondly, if the lengths of two lines respectively are in fact drawn 
equal, that length will seem greater which is associated with a slower speed drawn for 
a longer time (tau-movement effect). The results of a study of blind subjects were 
compared with those of a study of sighted subjects, the former showing less marked 
effects of kappa-movement and tau-movement than the latter. 
Children from five to eight years of age also took part in line-drawing situations 
(Ono, 1968a). They were blindfold, and drew two straight lines successively from 
left to right, one at a slow speed and the other at a faster speed, for the same duration. 
The length of lines drawn thus varied with the speed. The children were then asked to 
judge which line took more time to draw (kappa-movement conditions). In tau-
movement conditions, the same subjects drew two lines at two different speeds over the 
same distance. Here the time taken to draw the lines varied. The children were then 
asked which line was longer. In both cases, the children were required to give a 
reason for their answers. The frequency of judgements of kappa-movement and tau-
movement types increased with age, and the children preferred to use a spatial cue for 
their judgement of the corresponding duration than to use a temporal cue for their 
judgement of the corresponding distance. 
A question may be raised whether the blindfold condition in the experiments 
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mentioned above may affect children's use of a cue for their treatment of duration and 
distance. Another experiment with children who judged the duration of drawing a 
line (Ono, 1968b) provides the answer to this question. One half of the children made 
temporal judgement under blindfold conditions, and the other half made the judgement 
with a visual cue for drawing a line. The results for the two groups were much the 
same, both groups showing the kappa-movement effect. However, how children treat 
the duration, distance and speed seems to depend largely on the nature of the experi-
mental conditions and procedures. In the experiments in which children were asked 
to judge, from their visual observation, the duration of moving objects, different 
results were obtained from those of the line-drawing experiments (Piaget, in Fraser, 
1966; Cohen, 1967). 
A recent experiment, using a visual task in which the subject observed a moving 
target (Ono and Maruyama, 1971) provides further evidence of the universality of the 
kappa-movement and tau-movement effects. In these experiments, a small yellow 
rectangular target, with a black vertical centre line, moved from left to right, and 
stopped for one second. The target then continued to move in the same direction, and 
was finally stopped by the subject who pressed a button when he thought that the 
target had moved in the second part of the path for the same duration as the first part 
of the path (kappa-movement experiment), or over the same distance as the first part of 
the path (tau-movement experiment). The speed of the target was varied by the 
experimenter for the first and second parts of the path using a combination of three 
speeds. The authors confirmed that if two parts of a path of a moving target take the 
same clock time, that part seems to the subject to last longer which is associated with 
the longer distance and the faster speed, and vice versa (kappa-movement effect). 
Secondly, if two parts of a path of a moving target are in fact of equal distance, that 
part seems to the subject to be greater which is associated with the longer duration and 
the slower speed, and vice versa (tau-movement effect). 
The kappa-tau effect was investigated in one of the experiments by Ono and 
Maruyama (1971) with boys and girls aged 9+ and lO+ as subjects. A small light spot 
moved horizontally from right to left at a constant display speed for two display 
durations over two display distances on different occasions. The task of the subject 
was to observe the spot moving, and to imagine that it continued to move through a 
black tunnel, the length of which was constantly fixed by the experimenter, on the 
horizontal continuation of the display movement at the same speed as the display speed. 
He was then asked to press a key when he judged that the spot finished a journey 
through the tunnel. The experimenter was able to derive an estimate of subjective 
speed of the spot from the length of the tunnel and from the estimated duration 
recorded on a timer. Under these experimental conditions, we may infer that the 
kappa-tau effect is operating if the derived speed is greater when the display duration 
and distance are shorter than it is when they are longer. On the whole, there was a 
tendency towards the kappa-tau effect. In particular, those girls who had low 
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accident records in their school life showed a significant difference in the direction of 
the kappa-tau effect, as compared with girls who had high accident records for the same 
period of time. 
On the basis of the studies described above, and also in the light of a study of the 
literature on the perception of speed and time (Brown, 1931a; Boring, 1942; Johansson, 
1950; Slater-Hammel, 1955; Morin, Grant and Nystrom, 1956; Gerhard, 1959; Brown, 
1961; Mandriota, Mintz and Notterman, 1962; Bonnet and Kolehmainen, 1969), the 
kappa-tau effect has been systematically demonstrated in situations in which the 
subject predicted the arrival time and position of actual or inferred moving 
targets at a given velocity after their disappearance. The results of these experiments 
have been reported elsewhere (Ono, 1975). In short, when the subject imagined one 
target moving over a longer distance than the other, and for a longer interval of time, 
at the same speed as the actual (or inferred) speed of display movement, the magnitude 
of which was fixed by the experimenter, the subject judged that target to have moved 
faster which was associated with the shorter distance and the shorter duration of the 
imagined movement. Conversely, the target associated with the longer distance and 
the longer duration of the imagined movement was judged by the subject to have 
moved at a slower speed. This is in accordance with the kappa-tau effect. The 
magnitude of the kappa-tau effect was influenced both by the type of a cue for predict-
ing the reappearance of moving targets, i.e. whether the cue was spatial or temporal, 
and by the character of the display movement, i.e. whether it was actual or inferred. 
The effect was more pronounced when the cue was temporal than when it was spatial, 
and the effect was greater when the display movement was inferred than when it was 
actual. .An attempt to explain these results was made in terms of subjects' sensitivity 
to differences in temporal and spatial cues and in the light of estimates of time (Brown, 
1931b; Woodrow, in Stevens, 1951; Humphries, 1960; Fraisse, 1963; Cohen, 1967). 
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